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5.1.2 Tables and Figures
Critical Pathway

Notes:
1.  Data came from the SRS Environmental Reports for 1993-2006.

  Notes:  Data from Section 5.1.4, Table 3.

Back to Tables and Figures

 

  

Figure 1.  SRS Potential Percent of Yearly Dose to the MEI from SRS  
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Figure 2.  ESOP Average Detected Dose (mrem) Trends in Food Sources 1999-2006 
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consumed the maximum deer dose and other dose (possible NORM) was 6.76 mrem.  The total
exposure to the average sportsman consuming the average deer dose was only 3.34 mrem in
2006 (Table 3, section 6.1.4).  The average of comparable media doses in Table 2, section 6.1.2,
SCDHEC and DOE-SR, was 2.00 mrem ± 2.51.  Either programs multimedia average was within
one standard deviation of the other.  This demonstrates that the average media dose projected by
the two environmental programs (SCDHEC detections versus DOE-SR calculations) captured
similar environmental data.  However, a large standard deviation in comparison to the average
may indicate that more sampling was needed.  Alternately, a high standard deviation may simply
represent a highly variable environmental parameter for a particular media.  The median may be
a better indicator of the dose central tendency in highly variable environmental data if the
sampling number is sufficiently large.  Thus, the typical exposure for a member of the general
public who was a sportsman may be less than 2.32 mrem (1999-2006 Average Sportsman
median, Table 1, section 6.1.4).

Four dose scenario estimates were calculated based on SCDHEC data from 1999 to 2006 (Table
1, section 6.1.4 and Table 3, section 6.1.2).  The worst-case MEI dose exposure in 2006 that
excludes possible NORM above the South Carolina background was 4.49 mrem and averaged
12.28 mrem ± 11.54 (median 9.62 mrem) from 1999 to 2006.  The average sportsman who was
not the MEI was exposed to 3.34 mrem of dose in 2006 and averaged 2.42 mrem ± 1.76 (median
2.32 mrem) from 1999 through 2006.  The farmer, who was not a hunter, but inhaled, ingested,
or received direct exposure from soil received a dose of 2.90 mrem in 2006 and averaged 0.96

mrem ± 1.26 (median 0.11 mrem) from 1999 through 2006.  The general public who was not a
sportsman and was not exposed to swamp soils received less than 0.37 mrem of dose in 2006 and
averaged 0.13 mrem ± 0.12 (median 0.09 mrem) from 1999 to 2006.

The four SCDHEC conservative scenarios for public exposure to radionuclides are summarized
in Table 3, section 6.1.2 as millirem (mrem) of dose exposure, which excludes possible NORM.
Note that two-standard deviations (95% probability) added onto the MEI Sportsman (worst-case
scenario) result in a possible dose average of 35.36 mrem from 1999 to 2006.  A potential dose
addition based on the DOE-SR onsite hunter (22 mrem) and offsite feral hog (8.9 mrem)
estimates added to the offsite SCDHEC detected nonNORM dose (4.49 mrem) would increase
the potential onsite plus offsite dose estimate to 35.39 mrem in 2006.  Thus, the additional DOE-
SR calculated dose-potential for game not sampled by SCDHEC added to the 2006 SCDHEC
off-SRS MEI deer dose (35.39 mrem) fits the two-standard deviation (35.36 mrem) trend
indicated by the SCDHEC 1999-2006 data. Both potential increases in the MEI are under the
DOE standard of 100 mrem. Thus, the two programs environmental monitoring sections are
capturing similar MEI dose and trends (Figure 3, section 6.1.2).  The food pathways dominate
the dose to the sportsman MEI, and either the deer or fish dose may dominate in a particular year
on an average dose basis.  The primary cause of this fluctuation was apparently due to the
variability in deer radionuclide concentration.

The DOE-SR potential air dose from Table 2, section 6.1.2 is 1.1% of the DOE 10 mrem air
standard.  The DOE-SR potential liquid dose at the site boundary is 2.25 % of the EPA 4 mrem
drinking water standard.
Back
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The total SCDHEC detected dose (includes probable NORM) for the sportsman scenario from all
pathways (approximately 6.76 mrem) gives a dose that is 6.76 % of the 100 mrem DOE standard
for allowable dose to the public and environment.  The SCDHEC 2006 air (0.10 % of 10 mrem
air standard) and liquid (Savannah River water 1.75 % of 4 mrem public water supply standard)
dose estimates were well within the respective 10 mrem and 4 mrem DOE/EPA limits.

The potential total dose to the SCDHEC MEI was very small when compared to radiation doses
received from natural sources (6.76 versus 300-mrem), which is 2.25 % of the average NORM
dose in the southeastern United States.  Approximately 33.58% (2.27 mrem) of the MEI plus
NORM dose detection was potential NORM.

The SCDHEC detected air dose was only 0.005-mrem compared to the DOE-SR calculated
potential air dose of 0.07 mrem, which indicated that depositions of the possible DOE-SR aerial
contamination within the 50-mile SRS perimeter were minimal.  Thus, most of the aerial

depositions were either very close to the release stacks and within the SRS boundary or outside
of the SRS 50-Mile sampling perimeter.

The SCDHEC calculated average dose (mrem/yr) to the MEI for the past eight years is graphed
in Figure 1, section 6.1.2 and the summary statistics given in section 6.1.4.  The MEI dose
became highly variable when the game animal dose was added.  The greatest difference between
SCDHEC and DOE-SR 2006 average dose results occurred in the game animal pathway
(SCDHEC zero mrem and DOE-SR 6.7 mrem).  This was due to a South Carolina background
deer dose average greater than the SRS 50-Mile sampling perimeter dose for SCDHEC samples.

The DOE-SR off-SRS deer dose estimate was based on deer on-SRS moving off-SRS.
Comparatively, the SCDHEC used only detected data collected from actual monitoring activities
to establish dose for the detected radioisotopes.  DOE-SR used all calculated data per DOE
approved procedures whether negative or less than an MDA or MDC.  The actual SCDHEC off-
SRS MEI dose including NORM (6.76 mrem) was less than the DOE-SR (9.6 mrem) total off-
SRS estimated deer dose (WSRC 2007, Table 6-4).  The similarity (within one standard
deviation) of the average dose estimates for the 1999-2006 SCDHEC (9.27 mrem) and DOE-SR
(7.27 mrem) data seemed to indicate that the two programs are detecting the potential dose to the
public and the environment.

When comparing the total dose to the MEI from SRS operations, it is important to be aware of
the total dose received each year from naturally occurring radiation. Figure 4, section 6.1.2
depicts the average total doses received each year by people living in the Southeastern Region of
the U.S. (composite from SCDHEC 2005 website).  The SCDHEC MEI received 4.49 mrem
(6.76 mrem including probable NORM) in 2006, which was less than that received by the
individual living in a brick house (7 mrem).

The median may be a better indicator of the central tendency in environmental dose due to: 1-
the reduction of influence by the extremes; 2- the added conservancy present in selected dose
factors; 3- the addition of dose based on hog and deer worst-case game animal consumption; 4-
the use of “detections only” for statistics when many sample results were less than the detection
Back



Chapter 6 2006 Dose Calculation

344

limit; 5- the counting of some dose twice when a particular alpha or beta was counted by species;
and 6 – the assignment of unknown alpha and beta as Pu-239 and Sr-90 in dose calculations.
Thus, the reader is referred to the median in all statistical tables as possibly a more realistic
representation of the central tendency of dose.  However, the average was used by SCDHEC to
provide a protective buffer for the public and the environment.

The total detected dose to the MEI of 6.76 mrem in 2006 should also be compared to the Health
Physics Society 1994 Position Statement (Health Physics Society 1994), which states in part that
“for purposes of a lifetime risk, a site-specific dose rate of 10-30 mrem/yr greater than the
regional average is well within the natural variations of background and should be considered
equivalent to background without demonstrable increased risk”.  However, statistical analysis of
future SCDHEC random data may demonstrate if the assumption, that the SRS 50-Mile
Perimeter and South Carolina background radionuclide populations are the same, can be rejected.

CONCLUSIONS AND RECOMMENDATIONS

The SCDHEC MEI Sportsman detected dose including potential NORM was 6.76 mrem in 2006
and averaged 13.49 mrem ± 12.99 (median 10.22 mrem) over the last eight years.  The SCDHEC
MEI Sportsman detected dose excluding potential NORM was 4.49 mrem in 2006 and averaged
12.28 mrem ±11.54 (median 9.62 mrem) from 1999 to 2006.  The maximum potential dose to the
MEI All-Pathway and Sportsman doses calculated by DOE-SR (WSRC 2007, Table 6-4) could
have added 22 mrem for the on-SRS hunter plus 8.9 mrem for the off-SRS hog hunter to the
SCDHEC 2006 MEI dose estimate.  Thus, the potential MEI dose to the sportsman (including
other air and liquid pathway dose detections by SCDHEC) that takes part in SRS area deer and
hog hunts on or off site was less than 37.66 mrem in 2006 (6.76 plus 30.9).  The DOE-SR 2006
MEI on-SRS and off-SRS hunter dose potential estimate totaled 40.5 mrem (WSRC 2007, Table
6-4).  The very conservative worst-case scenario estimates average less than half of the 100-
mrem DOE limit (WSRC 2007).  The maximum MEI was not established by SCDHEC samples
since hog data from SRS indicated there may be other significant contributors to the overall MEI
pathway that are not yet surveyed by SCDHEC.

Three other dose scenario estimates were calculated based on SCDHEC data from 1999 to 2006
(Table 3, section 6.1.4).  The average sportsman who was not the MEI was exposed to 3.34
mrem of dose in 2006 and averaged 2.42 mrem ± 1.76 (median 2.32 mrem) from 1999 to 2006.
The farmer, who was not a hunter, but inhaled, ingested, or received direct exposure from soil
and well water received a dose of 2.90 mrem in 2006 and averaged 0.96 mrem ±1.26 (median
0.11 mrem) from 1999 through 2006.  The general public, who was not a sportsman and was not
exposed to swamp soils received less than 0.37 mrem of dose in 2006 and averaged 0.13 mrem ±
0.12 (median 0.09 mrem) from 1999 to 2006.

Historically, the greatest media contributors to the MEI average dose determined by SCDHEC
from 1999 thru 2006 (Table 3, section 6.1.4 , % All Media) that excluded possible NORM were
deer (65.66%), hog (21.49%), soil and sediment (6.86%, includes beta-gamma), fish (4.13%),
milk (0.57%), all surface water (0.45%), all groundwater (0.39%), rainwater (0.09%), air
(0.06%), and vegetables (0.03%).  The main radionuclide contributors to dose (Table 2, section
6.1.4) excluding possible NORM above background from 1999 to 2006 were Cs-137 (42.39%),
Back
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H-3 (1.82%), Sr-89/90 (1.37%), and others less than 1%.  The addition of possible NORM
changed the significant (greater than 99 % of dose) radionuclide order from 1999 through 2006
to Cs-137, unknown beta-gamma, unknown alpha, Ra-226, H-3, Sr-89/90, and Ac-228.  Possible
NORM was included in the averages when there were media detections above background not
invalidated by other media information.  NORM contributed approximately 33.58% (2.27/6.76)
of the dose detected by SCDHEC in 2006 (Table 1, section 6.1.2, MEI plus NORM).  The 2006
critical pathway dose excluding NORM was ingestion (43.65%), direct exposure (56.12%), and
inhalation (0.22%).  When probable NORM detected above background was included ingestion
dominated the 2006 MEI dose (45.86%), direct exposure was second (41.86%), and inhalation
was third (12.28%).  This local NORM above the South Carolina background may be part of the
300-mrem NORM average for the United States.

The similarity of the compared data statistics (typically within one standard deviation) for DOE-
SR and SCDHEC dose data appeared to confirm that both environmental programs were
detecting similar magnitudes of dose that were within regulatory standards (WSRC 2007).

The SCDHEC Dose Calculation Project will continue to monitor the MEI and other scenario
dose trends.  The Sportsman MEI scenario should include all potential doses as a worst-case
scenario.  SCDHEC continues to expand the ESOP environmental program by collecting
additional random SRS perimeter and South Carolina background data for statistical analyses in
future studies.  ESOP has increased sampling near the perimeter of SRS and in closer proximity
to SRS storage tanks, basins, and seepage areas to insure an early warning for any contaminant
making its way to the SRS and offsite streams.
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6.1.2 Tables and Figures
Radiological Dose Calculation

Notes: The Figure 1 data are in millirem per year and are based on averages from data in Appendix C.
1.  “RW” is public water systems using river water.
2.  “GW” is public water systems using groundwater.

3.  “SWBL” is surface water at boat landings.
4.  “DNR” is the Department of Natural Resources monitoring wells.
5.  “Sed” is sediment.
6.  “Veg” is vegetation.
7.  TLD is the direct exposure above background detected by thermoluminescent      dosimeters.
8.  The deer and hog results in Figure 1 were based on an overall average dose minus an average
background dose, whereas the MEI deer and hog results in Figure 2 were based on a maximum deer dose
being consumed by one individual.
9.  The ‘99-06’ is the average dose for that media for the period 1999-2006.  Consult Appendix B for the
average media dose by species or radionuclide.
10. Errors occurred in past soil data and are corrected in this chart and appendix tables.
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Tables and Figures
Radiological Dose Calculation

Notes:
1. The air pathway refers to MEI air inhalation.
2. The liquid pathway refers to the MEI ingestion for downriver water customers.
3. The food pathway (deer, fish, milk, and vegetables) may be influenced by both air and liquid pathway

sources.
4. The SCDHEC MEI deer and hog offsite results were based on a single maximum dose for one hunter,

whereas the DOE-SR offsite results were based on a MAXDOSE computer model.
5.    The deer and hog results in Figure 1 were based on an overall average dose minus an average
background dose, whereas the MEI deer and hog results in Figure 2 were based on a maximum deer dose
being consumed by one individual.
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From 2005 Report

The following information was reported incorrectly in the Environmental Surveillance
and Oversight Program Data Report for 2005.

• Chapter 2, pages 106-113
The mercury MDL for non-radiological surface water was entered as 0.002 mg/L. The
MDL should be 0.00020 mg/L.
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